Factors influencing the feeding behavior of goats include grazing management practices, type of vegetation and season, breed and stage of production, group size, and properties of diets fed in confinement. Considerable information has been gathered from visual observation during daylight. However, tools are now available to characterize the feeding behavior of goats while grazing and while in confinement throughout the day. Global positioning system collars can be used to assess horizontal and vertical distances traveled, up or down position of the head, and movement within pasture or rangeland areas. A commercially available leg activity monitor allows estimation of the number of steps and time spent standing, lying, and moving rapidly without grazing. However, these measurements do not directly determine grazing. Therefore, prediction equations based on visual observation must be developed. Classification tree analysis is a robust method in developing these equations because the decision tree can be pruned or expanded to provide the best fit. Another equipment system determines time spent eating, ruminating, and remaining idle from the pattern of jaw movement. In addition to use of n-alkanes as internal markers to estimate digestibility, their profile can provide an indication of the botanical composition of the selected diet. Automated feeding systems for confined goats permit determinations such as number of feeder visits and meals, eating time, and rate and pattern of feed intake. Heart rate measured while goats are in normal production settings can be used to predict total energy expenditure through multiplication by energy expenditure per heartbeat of individual animals. To partition the activity energy cost, an estimate of ME intake or measures of changes in body energy status and milk energy yield are needed to determine other sources of heat to be subtracted from total energy expenditure. These methods create the opportunity to gain a fuller understanding of factors influencing the feeding behavior of goats and the relationships with levels and efficiencies of production.
INTRODUCTION
Common definitions of behavior are "anything that an organism does involving action and response to stimulation," "the response of an individual, group, or species to its environment," and "the way in which something functions or operates" (Merriam-Webster's Collegiate Dictionary, 1996) . Although these definitions are broad, it is well known that animal behavior varies greatly among domesticated livestock species. However, a commonality is influence of nutrition. For goats, consideration of the effects of nutrition on behavior can be categorized into goats in grazing settings and goats in confinement settings. Direct observation methods have been, and are still, useful in both scenarios. Although considerable labor is required with grazing goats, measures are restricted to daylight, and the presence of an observer can modify animal behavior (Barroso et al., 2000; Papachristou et al., 2005; El Aich et al., 2007) . Equipment is now available to characterize the behavior of goats and other ruminant species throughout 24-h periods, both in confinement and while moving freely.
Study of the behavior of freely moving goats on pastures and rangelands is useful for purposes such as determining the most appropriate stocking rate and physiological states and seasons of land use, the need for and types of supplemental feedstuffs, and the desirability of monospecies grazing with goats vs. cograz-ing with cattle, sheep, or both (Lachica and Aguilera, 2005b; Animut and Goetsch, 2008) . In addition, recent development of the use of heart rate (HR) measured on free-moving animals to predict total energy expenditure (EE; Brosh, 2007) has created the opportunity to investigate relationships between the EE of goats, or preferably the activity energy cost (AEC), and feeding or grazing behavior, which may lead to means of predicting and minimizing this sizeable loss of energy. Therefore, the objectives are to summarize methods used to characterize the feeding behavior of goats and the effects of nutrition and production practices on goat behavior while grazing and in confinement.
METHODS TO ASSESS FEEDING BEHAVIOR

Methods To Assess Grazing Behavior
A large number of variables are measured with grazing goats, commonly categorized as feeding or grazing behaviors. They include time spent eating or grazing, ruminating, resting, standing, walking, in a bipedal stance, and aerially in trees. Other behaviors are horizontal and vertical distances traveled, location and movement within the available land area, number of bites, rate of biting, number of mouth movements involved in prehension, chewing before swallowing, and rumination, bite size, instantaneous rate of intake, and diet selection in terms of chemical and botanical composition, including specific plant parts prehended.
Over the years, many of the variables listed above have been assessed via visual observation and tracking by researchers (Lachica and Aguilera, 2005a,b) . Quite detailed procedures have been developed. For example, Agreil and Meuret (2004) described methods to quantify the ingestive behavior of sheep and goats. An important component of such procedures is that observers do not disturb animals so that close proximity can be obtained, including the use of land familiar to the group and identification of specific individuals indifferent to observer presence. The behavior of individuals selected (e.g., time spent in ingestion, composition of the selected diet) should be representative of the group. Bites are continuously recorded in real time throughout entire daily grazing periods, with categorization into 41 different types, including plant species or groups of species sharing the same categories, plant parts, and length of leaves prehended. At a later time, each bite is manually simulated to estimate diet composition, bite size, and level of intake.
Direct observation is also used for other behaviors, such as time spent grazing, ruminating, standing, walking, and lying during the daylight period (Barroso et al., 2000; Papachristou et al., 2005; El Aich et al., 2007) . Furthermore, animal tracking allows estimation of distances traveled with the use of geographic positioning system (GPS) equipment or geographical information system software (Ouédrago-Koné et al., 2006), by recording the number of observer steps and average step distance (Lachica et al., 1997 (Lachica et al., , 1999 , or by placing pedometers on animals (Sharma et al., 1998) . Distances are now primarily determined with GPS collars on animals, which also can be used to monitor location and movement within grazing areas (Schlecht et al., 2006; . Likewise, equipment systems carried by animals have been used to measure lying, standing, and walking (Champion et al., 1997) and time spent in ingestive and ruminative mastication and numbers of the different patterns of jaw movements or bites via a sensor placed around the mouth based on air pulses (Abijaoudé et al., 1999 (Abijaoudé et al., , 2000 or electrical conductivity sensors (Animut et al., 2005a; Berhan et al., 2005; Patra et al., 2008b) . Diet selection has been assessed by esophageal cannulas (Fedele et al., 1993; Raats et al., 1996) or with a ruminal cannula through collection of ingesta after total digesta evacuation (Patra et al., 2008a,b) . Botanical composition of the diet has been estimated by microhistology of feces (Animut et al., 2005b; Mellado et al., 2005 Mellado et al., , 2006 and esophageal extrusa (Fedele et al., 1993) , near-infrared reflectance spectroscopy analysis of feces (Glasser et al., 2008) , and fecal and forage concentrations of n-alkanes and other plant wax components Mayes, 2005, 2006) .
Current Methods To Characterize Grazing Behavior at the American Institute for Goat Research
Grazing Activities and HR. As noted, various methods are used to study the grazing behavior of goats, many of which have been used at the American Institute for Goat Research (AIGR) over the last decade. Currently, the AIGR uses Model 3300SL GPS collars (Lotek Wireless, Newmarket, Ontario, Canada), which log latitude and longitude for 2-dimensional fixes; latitude, longitude, and altitude for 3-dimensional fixes; x-y motion; and head up or head down position. These collars are small (length × width × height: 68 × 48 × 48 mm) and lightweight (200 g) and have the capacity to store more than 41,000 differential locations in the North American Datum 1983 coordinate system. Various GPS fix schedules can be used, although in AIGR studies, the schedule is set to acquire a fix at the shortest possible interval, which is 5 min. Fixes are downloaded and corrected postdifferentially by using proprietary software (N4, Lotek Wireless) and base station files from the Perry, OK, continuously operating reference station (36°16′34.46428″ N, 97°19′17.97610″ W), which is the closest continuously operating reference station to the AIGR (37.4 km straight-line distance). Corrected fixes are then imported into ArcMap 9.3 (ESRI, Redlands, CA). Boundaries of pastures, including a 7-m external buffer, are constructed as shapefiles by using the coordinate system of the World Geodetic System 1984 Universal Transverse Mercator 14N. The x and y coordinates in meters are calculated for each fix. Only fixes within the boundary and buffer shape-files are exported to an Excel (Microsoft Corporation, Redmond, WA) spreadsheet. Distance between consecutive fixes is calculated using euclidean geometry. Because areas within pastures typically used have not markedly varied in elevation, vertical distance traveled has not been computed.
IceTag activity monitors from IceRobotics Limited (Midlothian, Scotland, UK) are also small (length × width × height: 95 × 85 × 32 mm) and lightweight (170 g) and are attached to a rear leg. These highly accurate 3-axis accelerometers determine movement 16 times per second. The output data of the number of steps and time spent standing, lying, and active are summarized for each minute. Time standing from IceTag monitors encompasses both grazing and nongrazing periods, and active is defined as walking at a relatively fast pace, presumably without grazing. Lying time is solely or predominantly without grazing.
To monitor HR, goats are fitted with Vermed PerformancePlus electrocardiogram electrodes (Vermed, Bellows Falls, VT) attached to the chest just behind and slightly below the left elbow and behind the shoulder blade on the right side. Electrodes are secured to the skin with a 5-cm-wide elastic bandage (Henry Schein, Melville, NY) and animal tag cement (Ruscoe, Akron, OH). Electrodes are connected by electrocardiogram snap leads (Bioconnect, San Diego, CA) to T61 coded transmitters (Polar, Lake Success, NY). Human RS400 HR (Polar) monitors with infrared connections to the transmitters are used to collect HR data at 1-min intervals. Heart rate data are analyzed using the Polar Precision Performance SW software provided by Polar. To predict EE from HR, the ratio of EE to HR is determined for each animal (Brosh, 2007) with an indirect open-circuit respiration calorimetry system (Sable Systems, Las Vegas, NV) over at least a 24-h period. For relatively short experiments, such as those 12 or 16 wk in length, the ratio is determined once before or after the study. However, for longer trials with animals in different physiological states throughout the year, the ratio is estimated at multiple times. These 3 equipment systems (i.e., GPS collar, IceTag activity monitor, and HR monitor) are used simultaneously for at least 2 d. This length is restricted by the number of experimental animals (i.e., 24 to 32 in most AIGR experiments), the number of GPS collars available and the number that researchers can work with at a given time, additional measures at other times, and the desirability of minimizing the length of entire data collection periods. Because GPS collar data are collected at 5-min intervals and the IceTag and HR monitors provide output data at 1-min intervals, data emanating from the 3 pieces of equipment must be matched in 5-min intervals. IceTag and HR data are imported into Excel (Microsoft Corporation) spreadsheets with appropriate macros to consolidate the data into 5-min intervals.
In some studies, goats have also been fitted with Institute of Grassland and Environmental Research (IGER) grazing behavior monitoring system units (Ultrasound Advice, London, UK). The units consist of a noseband sensor secured around the mouth and a processing unit (1.3 kg) situated on the back. The units are placed on goats for slightly more than 1 d to obtain measures for 24 h. The following day, batteries are charged, and the equipment is reused on other goats every other day. The IGER grazing behavior monitoring units allow estimation of time spent eating, ruminating, and remaining idle, as described by Patra et al. (2008a,b) . The IGER system provides somewhat direct estimates of time spent eating or grazing and ruminating based on the pattern of jaw movements. Panels A, B, and C of Figure 1 show typical patterns for eating, ruminating, and remaining idle, respectively. The system software provided differentiates the patterns in most instances. Occasionally, however, areas are marked as unidentified, such as with improper positioning of the noseband, in which case data are deleted or the researcher makes a subjective decision (e.g., Figure 1 , panel D).
Data from GPS collars and IceTag monitors do not include direct estimates of time eating or grazing. Thus, equations to predict grazing or eating, walking without grazing, resting while lying, and resting while standing are developed in a calibration study with classification tree analysis (Steinberg, and Colla, 1997) and CART software (Salford Systems, San Diego, CA) analysis. The most recent calibration study at the AIGR involved 32 animals with measures during a 6-d period. Animals were equipped with IceTag monitors and GPS collars, and grazing or eating behavior was observed visually. Because supplemental feedstuffs have been provided in some experiments when growing forage was limited, observations of this calibration study included goats provided access to grass hay. The GPS collar and IceTag data were processed in the aforementioned manner. Grazing or eating observations were 32% (610) of the 1,882 5-min observations, resting while lying observations were 34% (637), resting while standing observations were 26% (492), and walking observations were 8% (143). The CART software was used to construct classification trees by using the number of steps and time spent standing, lying, and active from the IceTag monitors and head down, x activity, y activity, and distance traveled from the GPS collars as predictor variables and grazing activity as the target variable. Classification success was 77, 81, 56, and 94% for grazing or eating, resting while lying, resting while standing, and walking without grazing or eating. The 47-node classification tree was expressed in a series of if-then statements in a SAS program (SAS Inst. Inc., Cary, NC) to predict the behaviors of animals in other experiments, addressing factors such as stocking rate, breed, stage of production, body condition, concentrate supplementation, and length of pasture access.
Forage Digestion, Intake, and Botanical Composition. Most recent AIGR experiments have included the use of total fecal collection bags over at least 4-d periods to estimate fecal output. After ani-mals were closely observed, hand-plucked or simulated grazed forage samples were collected, although in other experiments ruminally cannulated goats were used to collect ingesta (Patra et al., 2008a,b) . The profile of n-alkanes in individual plant species samples and feces allows estimation of the botanical composition of forage selected. Fecal concentration of individual n-alkanes is corrected for recovery, determined with harvested forage from the same or similar pastures. Recovery is determined in the animals used for grazing in some experiments, whereas in others different animals are used. However, in a recent experiment (A. R. Askar, unpublished results), there was an interaction between physiological state of Boer goats (mature meat goat does, growing wethers, and yearling wethers) and n-alkane length; values were similar among physiological states in recovery of C22 to C26, but were greater for growing wethers compared with mature does and yearling wethers in C27 to C31 recovery.
Analysis of n-alkanes at the AIGR follows the procedure of Mayes et al. (1986) , with the modifications of Oliván and Osoro (1999). Botanical composition is based on the least squares optimization procedure (Mayes et al., 1994; Dove and Moore, 1995) , using the Solver routine of Excel (Microsoft Corporation) with nonnegative restrictions. Discrimination analysis is used to select suitable n-alkanes for determining botanical composition. The accuracy of using the n-alkane technique to estimate botanical composition depends primarily on the difference in the profile among plant species that allows discrimination between or among plant species and knowledge of the recovery of n-alkanes selected for calculation (Mayes and Dove, 2000; Brosh et al., 2003) . An alternative method is free-choice feeding of different plant species available on pasture to goats in metabolism crates while collecting total feces excretion. Suitable internal markers for use in determining botanical composition and digestibility for grazing animals are based on relationships between values estimated from n-alkanes and ones derived from direct determination of intake and digestion.
Estimation of the AEC. One of the purposes of recent grazing behavior experiments conducted at the AIGR is to evaluate or develop means of predicting the AEC. Grazing behavior measures can be used to predict total EE (Brosh et al., 2004) , but partitioning of AEC and EE relative to the ME requirement for maintenance (ME m ) would lend itself well to incorporation into nutrient requirement recommendations such as those of Sahlu et al. (2004) and NRC (2007) . Various means by which the AEC of grazing goats, sheep, and cattle are predicted were reviewed by Sahlu et al. (2004) and NRC (2007) . Methods are based on variables such as horizontal and vertical distances traveled, time spent eating, topography, number of position changes, time spent grazing plus walking, digestibility, or some combination of variables. The energy cost per unit of activity is often based on measures with confined animals, such as for locomotion with animals on a treadmill. No method of projection has been evaluated or validated adequately, including that suggested for goats by Sahlu et al. (2004) and recommended by NRC (2007). Nonetheless, this method is based primarily on grazing time, with small adjustments for horizontal distance traveled, forage TDN concentration, and ruggedness of the terrain.
There are 2 apparent means by which AEC may be "peeled" from estimates of total EE. One is based on ME intake without input of BW other than that of kids with lactating does, and the second is determined from BW or BW and BCS. For the method based on ME intake, recovered energy is determined as the difference between ME intake and EE. For the BW or BW and BCS method, an average energy concentration in tissue gained or lost is assumed or available equations, such as those presented by Ngwa et al. (2007) , are used to predict changes in body energy status based on BCS. With assumptions including the ME m of NRC (2007) and milk energy yield for lactating animals based on kid BW and ADG, recovered energy is estimated. Ultimately, with both methods the various origins of EE (i.e., maintenance, mobilization of tissue energy for maintenance or lactation, and use of dietary energy for tissue gain or milk production) are determined and subtracted from total EE to estimate AEC, which is expressed relative to ME m .
The first method of peeling AEC might seem preferable because of the influence of the gastrointestinal tract digesta mass on BW. However, Beker et al. (2009a,b) used both methods and found that estimation based on BW and an assumed constant concentration of energy in tissue gained or mobilized yielded estimates within the range of values in the literature, whereas this was not true for all values when determined from ME intake. With methods based on BW or BW and BCS, relatively long periods would minimize the influence on BW of fluctuations in digesta mass.
An alternative approach to that of peeling AEC described above was recently used by Brosh et al. (2006b) for beef cattle. Several regressions of EE above that while lying were conducted against grazing behaviors, physiological state, stocking rate treatment, hour of the day, and so on. This method yielded energy costs for activities or behaviors such as grazing, standing, and traveling relative to lying that, when multiplied by time spent in the different activities, allowed estimation of daily AEC. The range of total AEC as a percentage of assumed ME m was low (i.e., 8.5 to 16.5% ME m ) compared with many estimates in the literature. In this regard, Patra et al. (2008a,b) observed that EE throughout 24-h periods was greater for goats with free movement than for ones with movement restricted by tethers of 3 or 4.1 m. It was suggested that treatments such as free movement vs. tethering affect the basal metabolic rate at all times of the day, regardless of specific activities displayed at any one given time. Therefore, a peeling approach in estimating AEC or simultaneously measuring EE of similar restrained or confined animals (Lachica and Aguilera, 2005a ) seems warranted to determine the absolute magnitude of AEC. Limitations of the latter approach include potential differences in nutrient intake between grazing and confined animals.
Methods of Assessing Feeding Behavior of Goats in Confinement
Regarding grazing experiments, the feeding behavior of goats in confinement has been assessed by visual observation (Dziba et al., 2003a,b; Haddad and Obeidat, 2007; Alonso-Díaz et al., 2008) . Equipment systems to determine time spent eating and ruminating based on patterns of jaw movement have been used (Abijaoudé et al., 2000) . Fedele et al. (2002) used a feeding cage for individual goats designed to allow simultaneous ad libitum intake of 4 types of concentrate and 2 sources of hay. In some cases, feed containers have been placed on balances to investigate diurnal patterns in feed consumption (Abijaoudé et al., 2000) . Interest in measuring residual feed intake has increased the use of automated feeding systems with cattle. A system developed for swine has been used in research with goats (Gipson et al., 2006 (Gipson et al., , 2007 and in the annual meat goat buck performance test of the AIGR since 2004.
The AIGR currently has 4 MK3 Feed Intake Recording Equipment (Osborne Industries Inc., Osborne, KS) feeding system units located in 4 pens. This system allows 1 animal to consume feed at a given time. Feed consumption is monitored throughout the day. The animal is identified on entering the feeding unit and feed is weighed at entry and exit, with measurement of any feed dispensed during feeder occupancy. Measurements are daily feed intake, number and length of feeder visits that can be categorized into meals, feeder occupancy or time spent eating, rate of DMI, and DMI per visit and meal. Although such systems allow for considerable feeding behavior data to be generated, one limita-tion is that they are not conducive to a wide range of diet physical forms, being most suitable for small-to moderate-sized pellets.
The AIGR also has facilities equipped with Calan feeding gates (American Calan Inc., Northwood, NH). Attributes of Calan feeding gates are that individual animal feed intakes can be determined while animals are in a group setting and that any diet physical form can be used. However, considerable labor is required compared with automated feeding systems, and feeding behavior data are not generated without means such as visual observation.
GRAZING MANAGEMENT PRACTICES
Stocking rate is a management decision that can affect the behavior of goats in many ways. Animut et al. (2005a) noted linear increases in time spent eating and number of steps as the stocking rate of cograzing goats and sheep increased on grass-forb pastures. In the same study, the selectivity ratio of the most abundant forb, ragweed (Ambrosia artemisiifolia), increased for both species as the stocking rate increased and forage mass decreased (Animut et al., 2005b) . As discussed earlier, Sahlu et al. (2004) suggested a relationship between time spent grazing and AEC. This was observed by Animut et al. (2005a) , although for goats in the 2 grazing seasons, EE was greater for the greatest stocking rate compared with 2 lesser ones. Conversely, Beker et al. (2009a) did not observe effects of stocking rate on grazing time or AEC in Boer and Spanish does when lactating and after weaning when the does were grazed on grass-forb pastures. The factors responsible for these different findings are unclear, although forage mass in the study by Beker et al. (2009a) with both stocking rate treatments was considerably less than in the experiment by Animut et al. (2005a,b) . Nonetheless, the data reported by Beker et al. (2009a) indicated increases in AEC of 5.79 and 5.05% of ME m per hour spent grazing or eating and grazing or eating plus walking, respectively. These values resulted in the prediction of AEC of Angora, Boer, and Spanish goats in a companion experiment by Beker et al. (2009b) with moderate accuracy (R 2 = 0.40 to 0.41) and without bias. The energy cost per hour of grazing or eating plus walking was near the 5% proposed by Sahlu et al. (2004) and NRC (2007); however, consideration of neither distance traveled nor digestibility improved prediction. Inclusion of observations of Rambouillet sheep markedly reduced the R 2 and resulted in significant prediction bias, indicating the need for research specifically addressing the AEC of sheep.
Because stocking rate influences forage mass, it could also modulate differences in response to social behavior or hierarchy. For example, Barroso et al. (2000) determined that with increased pasture forage availability, diets selected by dominant and subordinate goats in a group differed in composition, whereas differences did not exist with low forage availability. In addition, physical interactions with aggressive behavior should increase with increasing stocking rate, which could affect AEC and would be the most significant if nutrient intake were limited by low available forage mass at high stocking rates.
In many areas of the world, goats are sometimes tethered in one area for grazing. Patra et al. (2008a,b) compared forage intake, chemical composition of forage selected, time spent grazing and ruminating, and EE by goats tethered vs. freely moving to evaluate tethering as a production practice and also to determine if tethered goats could serve as a model for studying the grazing physiology of free-moving goats. Grass-based pastures with a low to moderate level of forage removal from tethered areas were used. Forage intake and composition and time spent grazing and ruminating were similar between tethered goats and ones given free movement, but EE was less for goats tethered throughout the day. Thus, tethered goats could be used to study many grazing behavior characteristics of goats, but could not be used for energy metabolism. In addition, tethering offers the potential to increase the level or efficiency of production by minimizing the AEC. Berhan et al. (2005) made similar determinations for goats given access to a grass-based pasture for 4, 8, or 24 h/d. Rate of ME intake was 26, 19, and 18 kJ/min, although total ME intake was least with 4 h of access (4.6, 6.4, and 5.9 MJ/d for 4, 8, and 24 h, respectively). Total EE was 5.0, 5.1, and 6.2 MJ/d for 4, 8, and 24 h, respectively. Hence, AEC was minimized by restricted pasture access of 8 h compared with 24 h, resulting in greater energy recovery.
VEGETATION CONDITIONS
The types of vegetation present influence the foraging position or posture of goats, most notably the use of a bipedal stance and aerial positions. That is, a bipedal stance would not be used without browse or trees present. Only with climbable trees would goats be aerial (El Aich et al., 2007) . How the use of different foraging positions affects AEC is unclear, but Dziba et al. (2003b) suggested that AEC increases with increasing foraging height.
A major factor influencing types and levels of vegetation available for use by goats is season, which thus affects dietary overlap. Generally, dietary overlap between different ruminant species increases with decreasing forage availability (Celaya et al., 2007) , although this depends largely on the types of vegetation available. For example, Sanon et al. (2007) noted that cattle, sheep, and goats all decreased feeding activities as time advanced from the rainy to the dry season in a natural pasture in a Sahelian area of Burkina Faso, but goats and sheep made a shift to browsing; browsing accounted for only approximately 4% of the feeding activity of cattle in all seasons. Yayneshet et al. (2008) also noted increasing browsing by goats in fallow land of Northern Ethiopia as the quality and quantity of understory vegetation declined. Conversely, Brosh et al. (2006a) observed that in some settings, browse can provide large proportions of ME intake by cattle.
In contrast to the findings of Solanki (1994) , Papachristou (1997) reported a greater rate of biting by goats when available forage was primarily browse vs. nonbrowse plant species. Similarly, grazing time by goats was longer in a plot of 70% woody and 30% herbaceous plant species compared with one with 90% woody plant species (Decandia et al., 2008) , although it was stated that greater selectivity exerted with the plot having 30% herbaceous plant species probably contributed to the difference, in addition to the effect of a disparate rate of biting and intake rate between the 2 plant types. Time spent ruminating was greater for goats in the plot with greater woody plant species.
In addition to investigations targeting daily intake and selectivity, some studies have addressed patterns within a day. For example, in a protected grazing site in India, Solanki (1994) observed that in the first hour of foraging, goats visited many different sites and explored available vegetation, with a diverse array of plants selected during that time. Thereafter, in the morning, primarily grasses were consumed. In the afternoon, selection changed to favor bushes. The rate of biting was similar between grasses and thorny bushes; however, bite size was twice as great for bushes as for grasses. Conversely, Dumont et al. (1995) observed that with low forage availability, goats were most selective early in the day, consuming relatively little grass and ingesting mostly browse. Selectivity was much less at the end of the grazing day, when a greater level of grass was consumed. It was suggested that this strategy minimized potential limitations to intake early in the day through excessive ruminal digesta fill, with less importance on fill preceding the overnight period without grazing. Intake rate decreased with advancing day of the experiment as available forage mass decreased.
It is usually assumed that goats explore all potential areas for grazing in a short period of time (i.e., number of days) after being placed in a new grazing area. To address this assumption, in coordination with a demonstration of vegetation management with goats (T. A. Gipson, unpublished data), 21 crossbred Boer wethers from the AIGR research farm were fitted with GPS collars that recorded a fix every 5 min and were released into a novel 4.6-ha pasture in Oklahoma (35°53′40″ N, 94°45′21″ W) consisting of a wide array of grasses, forbs, and browse plant species. Collar data were downloaded after 1 wk, and 41,744 raw GPS fixes were corrected postdifferentially. Goats spent 62% of the time within 10 m of the fence, which was a cleared area, and 38% of the time was spent within the forested interior. Goats were more active in foraging within the interior pasture area and rested more in the cleared perimeter. In addition, activity was bimodal, with a peak at 0900 h and another at 1400 h. To illustrate how quickly goats explored the entire pasture area and the differences among days in specific pasture areas used, locations at 1, 2, 4, and 6 d after introduction are shown in Figure  2 . Conversely, 15 Spanish wethers, also from the AIGR research farm and introduced into the same pasture in the subsequent year, displayed a somewhat different pattern of exploration of the interior pasture area. As shown in Figure 3 , some areas were not visited on 1, 2, 4, and 6 d after introduction. Moreover, on none of these days did the Spanish wethers reside in the southeastern corner area of the pasture interior, which was a preferred location in the preceding season on each day. Factors responsible for such disparities include genotype, environmental conditions, differences in vegetation conditions, and different plant species preferences, and show the importance of multiple determinations.
CHARACTERISTICS OF GRAZING GOATS
In many areas of the world, relatively large breeds of goats of potentially high productivity have been introduced where previously only small local goats of decreased production potential resided. Research has then ensued to determine how the behavior of introduced and local breeds compares in relation to resource availability and use. In this regard, Dziba et al. (2003b) investigated differences between Boer and Nguni goats of South Africa in feeding height with Grewia occidentalis L. (Tiliaceae) offered in confinement. It was expected that bite size and intake rate would be greater for Boer vs. Nguni goats because of the larger mouth size of Boer goats, but this was not observed. Dry matter intake rate was similar between breeds, although bite rate was greater for Nguni goats. For both breeds, an increase in bite size with increasing feeding height was greater than a decline in bite rate, resulting in an increasing rate of DMI. It was postulated that the increase in intake rate was to compensate for greater EE when feeding at high rather than low heights, but it was also suggested that the large bite size at high heights would result in a reduced nutritive value of ingested DM. Somewhat similarly, in one experiment, Van et al. (2005) observed greater intake by confined goats fed whole foliage hanging from the wall of the pen or tied in a trough compared with chopped foliage offered in a trough or with stripped leaves fed in a trough along with tied twigs. Intake of Acacia mangium and Flemingia macrophylla was greatest for hanging foliage and that of Artocarpus heterophyllus was greatest for foliage tied in a trough. It was postulated that a tridimensional arrangement or presentation that permitted goats to approach leaves from different angles elicited by hanging foliage on the wall or tying it in a trough was more conducive to high intake than the presentation resulting from chopped foliage or stripped leaves and tied twigs fed in the trough.
The greater influence of bite size than bite rate on rate of DMI by goats was also observed by Dziba et al. (2003a) . In this study, Boer and Nguni goats were offered 6 browse plant species in confinement in the summer and winter. Bite rate was greater in summer. As observed by Dziba et al. (2003b) , intake rate was not different between breeds when scaled by metabolic body size to account for ME m . In agreement with the optimal foraging theory (Belovsky et al., 1999) , rate of DMI was related to preferences for different browse plant species. However, in the winter, deciduous species were losing their leaves, thus necessitating a preference for evergreen species high in plant secondary metabolites to achieve a relatively high intake rate.
In a rangeland site in the upper Galilee of Israel with appreciable brush encroachment, Boer goats spent 22% of observed daylight time grazing herbaceous plant species compared with 44% for local Mamber goats (Aharon et al., 2007) . There were marked differences between breeds in specific plant species browsed, with a greater diversity for Boer goats. Bite rate was slightly less for Boer than for Mamber goats, although bite mass while browsing was similar. Eating time was greater for Boer than for Mamber goats in the spring and summer seasons but was similar in the winter. It was suggested that because Boer goats were less familiar with vegetation in this region, more time was spent in testing different plant species for postingestive malaise (Forbes and Provenza, 2000) . Beker et al. (2009b) reported a shorter time spent grazing grass-forb pastures by Angora vs. Boer and Spanish goats, and Boer and Spanish goats exhibited similar grazing activities and AEC. The AEC by Angora goats and Rambouillet sheep was less than that by Boer and Spanish goats (16, 54, 50, and 19% of ME m of confined animals for Angora goats, Boer goats, Spanish goats, and Rambouillet sheep, respectively). Although factors responsible for the differences could not be de- finitively determined, it was suggested that relatively short times spent grazing for Angora goats and walking without grazing for sheep may have been involved. Conversely, Beker et al. (2009a) found a tendency for a greater time spent grazing or eating by Boer than by Spanish does, which corresponded to greater total EE (13.4 vs. 11.4 MJ/d), although AEC as a percentage of ME m was similar between breeds. Fedele et al. (1993) compared the grazing behavior and diet selection of Maltese and Rossa Mediterranea goat breeds in southern Italy. Maltese goats were more selective than the Rossa Mediterranea breed, preferred grasses over forbs, and selected a relatively small number of plant species. Rossa Mediterranea goats utilized a broader range of available plant species. It was suggested that such differences were related to the imprinting or history of the breeds, with the Rossa Mediterranea breed normally in free-range production systems and Maltese goats managed in more controlled grazing settings. In accordance with this explanation, concentrate supplementation reduced selectivity by Maltese goats but had a minimal effect with Rossa Mediterranea goats.
Three goat ecotypes of southeastern Nigeria, the Red Sokoto, the West African dwarf, and their crossbreeds, were studied by Odo et al. (2001) . The Red Sokoto consumed relatively more dry leaves and standing hay than did the other 2 goat types, which was thought to be related to their origin in northern Nigeria, where forage and vegetation cover are dry during most times of the year. The West African dwarf preferred grazing succulent forages. This ecotype grazed most intensively and initiated grazing sooner after morning release than the other ecotypes. The Red Sokoto breed explored furthest and showed the greatest interest in climbing trees. Mellado et al. (2005) investigated the effects of pregnancy and lactation on the diet composition and selectivity of goats in a desert rangeland of northern Mexico. There were appreciable effects of both pregnancy and lactation on the plant species selected. Browse intake was less and intake of forbs and grasses was greater for pregnant than for nonpregnant goats. Similarly, lactating goats consumed more forbs and fewer shrubs than nonlactating goats. It was postulated that such differences occur in response to the efforts of animals to select diets that satisfy changing nutrient requirements. Conversely, with a similar experimental setting, Mellado et al. (2006) did not observe differences in selectivity between low-and high-yielding lactating goats. Grazing time was set at 8 h/d for both groups; hence, it was postulated that rate of biting was greater for high-yielding goats and was less than maximal for lowyielding goats.
GOATS IN CONFINEMENT
Diet selectivity in confinement can be considered in terms of selection of particular feedstuffs or parts of feedstuffs in mixed diets or of one or more concentrate and forage feedstuffs offered separately. The ability of goats to select in confinement is well known, in accordance with a reduced rate of intake compared with sheep, thus necessitating careful consideration of the levels of feed offered when determining ad libitum intake.
Experiments in which choices among feedstuffs are allowed involve the "nutritional wisdom" of goats in selecting a diet meeting nutrient requirements. In an experiment by Fedele et al. (2002) , Maltese goats in Italy were offered 6 feedstuffs free choice, alfalfa hay, pasture hay, flaked barley, chickpeas, broad bean grain, and beet pulp, compared with other goats given alfalfa hay free choice and flaked barley at up to 50% of the energy requirement. Before parturition, DMI by freechoice goats increased by 12%, and the increase from pregnancy to lactation was greater for the free-choice than for the traditional treatment (difference of 12.6 vs. 4.6 g/kg BW 0.75 ). Both the dietary ingredients chosen and the chemical composition of the selected diet for animals fed free choice differed among stages of production. Barley and beet pulp intake decreased during pregnancy and intake of chickpeas, broad beans, and alfalfa hay increased. The CP concentration in the diet increased with advancing pregnancy, the level of starch decreased, and NDF was unchanged. Conversely, during lactation, the dietary CP concentration decreased by 3 to 4 percentage units, the level of starch increased by 2 to 3 percentage units, and the NDF level again remained constant. Even though the dietary contribution of concentrate was large (i.e., 74 to 85%), no digestive disturbances were noted. Likewise, Goetsch et al.
(2003) observed an average dietary concentrate level of 84% when concentrate and wheat hay were offered to young Alpine goats separately and free choice, although the dietary NDF level was appreciably less than those offered by Fedele et al. (2002) . Body weight and BCS in the experiment by Fedele et al. (2002) were greater for goats fed free choice vs. traditionally, which may support the observation of nutritional wisdom displayed by goats. However, such comparisons are specific to the particular control treatments imposed. It is possible that the barley-alfalfa diet in this experiment, fed when goats were dry, pregnant, and lactating, may not have been the most appropriate.
Goats are similar to sheep and cattle in the effects of dietary forage level and digestibility on time spent eating and ruminating (i.e., direct relationships; Abijaoudé et al., 2000) . However, as noted before, in some cases intake rate is less for goats, with a greater ingestive chewing efficiency (e.g., greater proportion of particles less than 1.0 mm in size in boluses after swallowing; Domingue et al., 1991; Van et al., 2002; Haddad and Obeidat, 2007) compared with sheep. Likewise, Haddad and Obeidat (2007) noted that both eating and rumination times were greater for goats than for sheep with a high-concentrate diet. Also similar to other ruminant species, most feed consumption for confined goats occurs in 2 main meals separated by secondary meals (Abijaoudé et al., 2000) . In the study by Abijaoudé et al. (2000) , the number of secondary meals was greater for the 70 vs. 45% concentrate diet, presumably to minimize the risk of digestive disturbance. Intake rate during secondary meals was less than during main meals, possibly because of prior selection of more palatable dietary components or a partially satiated state facilitating greater selectivity.
Goats are thought to be more social compared with sheep and cattle, although the most appropriate bases of comparison may be difficult to discern. Van et al. (2007) conducted 2 experiments to compare the effects of group size on feed intake and aggressive behavior in goats and sheep. In one experiment, a slight linear increase in total feed intake was observed for both species as group size increased from 1 to 5 animals per pen. This was explained by increases in competition for feed, socialization, and total available space as the number of animals per pen increased, with the effect on total available space influencing the ability to control microenvironments. Goats displayed more aggressive behavior than sheep, which, for both species, increased with increasing group size. In a second experiment, total intake by goats with a group size of 5 was greater than with 1 animal per pen, although the opposite difference occurred for sheep.
With the automated feeding system of the AIGR described previously, Gipson et al. (2006) investigated effects of the number of goats per pen or feeding station (6, 8, 10 , and 12) on feed intake, growth performance, and feeding behavior. Numbers of feeder visits (17.5, 17.1, 17.9, and 18.7) and meals (8.9, 9.0, 9.3, and 8.9 for 6, 8, 10, and 12 goats per pen, respectively) were similar among group sizes. However, feeder occupancy or eating time per animal and day (97.8, 73.2, 83.0, and 71.7 min), visit (5.8, 4.4, 5.0, and 3.8 min), and meal (11.2, 8.2, 9 .2, and 8.1 min for 6, 8, 10, and 12 animals per pen, respectively) decreased linearly with increasing group size. Rate of DMI relative to feeder occupancy time reached a plateau as group size increased to 8 (14.6, 24.9, 21.5, and 23.1 g/min for 6, 8, 10, and 12 animals per pen, respectively). Daily DMI and ADG changed quadratically as the number of goats per pen increased (1.45, 1.51, 1.60, and 1.37 kg/d of DMI and 156, 167, 181 , and 136 g of ADG for 6, 8, 10, and 12 goats/pen, respectively). These results indicate that the intake rate of particular diets is not necessarily maximal and can be markedly affected by environmental and social conditions. There may have been inadequate competition among animals for feeder occupancy time or DMI with the group size of 6, and EE could have been elevated in response to the long time spent eating. With 12 goats per pen, total feeder occupancy time was 14 h. Thus, there was considerable time when the feeder was available, but specific periods may not have been the most preferred in terms of natural behavior. It was postulated that total activity and aggressive behaviors were greatest among group sizes of 12, and were associated with elevated EE. Gipson et al. (2007) conducted an experiment with growing meat goats and with the same automated feeding system (9 goats per pen) as well as with Calan feeding gates. The 2 feeding systems yielded similar comparisons of different pelletized diets and genotypes. Dietary treatments were diets of approximately 50% concentrate or dehydrated alfalfa meal in pelletized or loose forms. Feeder occupancy time or time spent eating (74, 130, 105 , and 132 min/d) for the loose concentrate diet compensated for a reduced rate of DMI compared with the pelletized concentrate diet (24.6, 12.9, 22.0, and 13.7 g/min for pelletized concentrate, loose concentrate, pelletized alfalfa, and loose alfalfa, respectively). Increased intake of pelletized alfalfa relative to the pelletized concentrate diet (1.79, 1.67, 2.04, and 1.70 kg/d) resulted in similar ADG (212, 205, 190, and 157 g ) and efficiency of BW gain (127, 120, 94, and 94 g/kg for pelletized concentrate, loose concentrate, pelletized alfalfa, and loose alfalfa, respectively) through a longer time spent eating at a similar rate of DMI. It was concluded that meat goats can markedly vary their feeding behaviors in response to different diet types and forms, but that there may be limits to such changes. For example, the least ADG for loose alfalfa resulted from feeder occupancy time per animal that was greater than for pelleted alfalfa but that was incompletely compensatory for the decreased rate of DMI. However, with 9 animals per pen, the total length of time the feeder was occupied for diets in the loose form was 20 h/d. This length of time, coupled with that elapsed when animals exited and entered, indicates nearly fullday feeder use, which would have prevented a greater intake of loose alfalfa meal.
In summary, numerous interactions exist between the behavior and nutrition of goats. These interactions can affect levels and efficiencies of production. Although visual observation techniques are still useful, advances in technology have resulted in the availability of equipment systems allowing full-day objective assessments of an array of animal behaviors. Coupling of these methodologies with ones to characterize nutrient utilization and energy metabolism should lead to a better understanding of behavior × nutrition interactions that influence the returns realized from the production of goats.
